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Description 

[METHOD FOR REDUCING FOREIGN 
MATERIAL CONCENTRATIONS IN ETCH 

CHAMBERS] 

Cross Reference to Related ApplicationsThis application is a 
non-provisional application of provisional application serial 
number 60/399,991, filed July 31, 2002, entitled "METHOD FOR 
REDUCING FOREIGN MATERIAL CONCENTRATIONS IN ETCH 
CHAMBERS." 

[0001] 

Background of Invention 
[0002] FIELD OF THE INVENTION 

[0003] The field of the invention is semiconductor processing. 

More specifically, the invention relates to reducing foreign 
material concentrations in a semiconductor process. 

[0004] BACKGROUND OF THE INVENTION 

[0005] | n the fabrication of a semiconductor device, using con- 
ductive lines or interconnects having low resistance to 



electrical flow for transmitting electrical signals to and 
from the semiconductor device increases the speed of the 
semiconductor device. In order to achieve low resistance 
values for the interconnects, highly conductive metals 
such as aluminum or copper are used. The interconnects 
are surrounded by a dielectric material, such as silicon 
oxide, in order to provide electrical isolation between the 
interconnects. In one process technique known as the 
damascene process, the silicon oxide dielectric layer is 
formed and is then patterned using known photolithogra- 
phy and etch techniques to provide trenches or holes in 
the silicon oxide dielectric. A plasma clean using an inert 
gas such as an argon sputter clean is performed to clean 
the underlying surface exposed by a trench or hole, such 
as an underlying metal interconnect or a via surface. The 
interconnect metal is deposited into the trench or hole 
and planarized to a top surface of the silicon oxide dielec- 
tric. The plasma clean provides for a clean underlying sur- 
face that reduces electrical contact resistance between the 
deposited interconnect metal and the underlying surface 
further improving the speed performance of the semicon- 
ductor device. 

[0006] since the dielectric layer is at least partially exposed dur- 



ing the plasma clean process, reaction products of the di- 
electric layer form on exposed surfaces of the plasma 
clean reaction chamber, such as chamber walls and por- 
tions of the substrate holder. A plasma clean reaction 
chamber such as, for example, a sputter etch chamber, 
includes a base having a substrate holder for holding a 
substrate during processing and a quartz dome which en- 
closes the substrate holder and forms the process volume 
for the plasma clean reaction to occur. For a substrate 
having a silicon oxide dielectric layer exposed to an argon 
sputter clean, silicon oxide reaction products such as Si 
and SiOx are formed on the exposed surfaces of the sput- 
ter etch chamber. It has been found that for semiconduc- 
tor substrates in a 0.13um technology, the silicon oxide 
reaction products adhere to the exposed surfaces of the 
sputter etch chamber with sufficient strength such that an 
average of about 2000 semiconductor substrates can be 
processed prior to significant portions of the silicon oxide 
reaction products detaching from the sputter etch cham- 
ber walls and exposed surfaces resulting in foreign mate- 
rial contamination of subsequently processed semicon- 
ductor substrates. Processing of the semiconductor sub- 
strates in the sputter etch chamber is stopped and the 



sputter etch chamber is removed from production for 
chamber cleaning. Chamber cleaning includes venting the 
sputter etch chamber to atmospheric pressure and re- 
moving the quartz dome. Silicon oxide reaction products 
adhering to the quartz dome and exposed surfaces of the 
sputter etch chamber are removed by physical and chemi- 
cal techniques such as bead blasting the inner surface of 
the quartz dome followed by a water rinse and wiping 
with isopropyl alcohol (IPA). After the components of the 
sputter etch chamber have been cleaned, the chamber is 
re-assembled, pumped down to vacuum, conditioned and 
returned to production. 
[0007] The increasing demands of semiconductor applications 
has resulted in the need for further improvement in the 
speed and size of semiconductor devices. The dielectric 
layer used to electrically insulate metal interconnects in- 
troduces a parasitic dielectric capacitance into the semi- 
conductor device. As the distance between metal inter- 
connects decreases as semiconductor devices become 
smaller, the parasitic dielectric capacitance increases re- 
sulting in a degradation of the speed of semiconductor 
devices. Silicon oxide has been used as the dielectric layer 
due to its relatively easy integration into existing semi- 



conductor processing technology. However, as semicon- 
ductor devices continue to decrease in size, the increasing 
parasitic dielectric capacitance introduced by a silicon ox- 
ide dielectric layer becomes a significant factor in reduc- 
ing the speed of semiconductor devices. 
[0008] The insulating properties of a dielectric material can be 

characterized by a relative value, known as the "K'Value of 
the dielectric material. For example, air is a high electri- 
cally insulating dielectric and is assigned a "K" value of 
1.0. By comparison, silicon oxide is less electrically insu- 
lating than air and has a higher "K'Value of approximately 
4.5. A high "K" value is an indication of a relatively lower 
electrical insulating property of a dielectric material. As 
the requirements for semiconductor devices demand de- 
creases in size and increases in speed, dielectric materials 
having a "K'Value less than silicon oxide are desired in or- 
der to reduce the parasitic dielectric capacitance. Dielec- 
tric materials such as "Silicon Low-K"(hereinafter referred 
to as SiLK) available from Dow Chemical Co., "Black Dia- 
mond" available from Applied Materials Inc. or 
"Coral"available from Novellus Corp., have "K'Values rang- 
ing from about 3.5 to about 2.0 or lower which make 
them candidates to replace silicon oxide as a dielectric 



layer in semiconductor devices. "Low K"dielectric materials 
such as SiLK are formed of polymers and contain carbon. 
SiLK can be used to replace silicon oxide as the intercon- 
nect dielectric layer in semiconductor devices resulting in 

a reduction of the parasitic dielectric capacitance. 
Summary of Invention 

[0009] During the plasma clean of the underlying surface ex- 
posed by the trench or hole in the SiLK layer, portions of 
the SiLK layer are exposed to the plasma clean resulting in 
carbon-containing reaction products forming on exposed 
surfaces of the plasma clean reaction chamber, such as 
chamber walls and portions of the substrate holder. These 
reaction products contaminate the process chamber which 
requires the system to be shut down. In contrast to the 
process chamber lifetimes of about 2000 semiconductor 
substrates achieved with silicon oxide interconnect dielec- 
tric layers, it has been found that for SiLK-containing 
semiconductor substrates in a 0.13um technology, the 
carbon-containing reaction products have a poor adhe- 
sion to the exposed surfaces of the sputter etch chamber 
such that an average of only about 200 semiconductor 
substrates can be processed prior to significant portions 
of the carbon-containing reaction products detaching 



from the sputter etch chamber walls and exposed surfaces 
resulting in foreign material contamination of subse- 
quently processed semiconductor substrates. Processing 
of SiLK-containing semiconductor substrates in the sput- 
ter etch chamber is stopped and the sputter etch chamber 
is removed from production for chamber cleaning. Cham- 
ber cleaning includes venting the sputter etch chamber to 
atmospheric pressure and removing the quartz dome. 
Carbon-containing reaction products adhering to the 
quartz dome and exposed surfaces of the sputter etch 
chamber are removed by physical and chemical tech- 
niques such as bead blasting the inner surface of the 
quartz dome followed by a water rinse and wiping with 
isopropyl alcohol (IPA). After the components of the sput- 
ter etch chamber have been cleaned, the chamber is re- 
assembled, pumped down to vacuum, conditioned and re- 
turned to production. 
[0010] The use of carbon-containing "low K"dielectric materials 
in semiconductor devices results in a significant decrease 
in the production availability of sputter etch chambers. 
The reduced chamber availability results in increased pro- 
duction costs associated with processing "low 
K"semiconductor substrates mainly due to reduced pro- 



duction time, increased spare parts costs and decreased 
product yield due to foreign material contamination. 

[0011] Therefore, an object of the invention is to reduce foreign 
material concentrations in a reaction chamber by increas- 
ing the adhesion of carbon-containing reaction products 
to exposed inner surfaces of the reaction chamber. 

[0012] | t j S another object of the present invention to reduce 

production cost by increasing the production availability 
time of the reaction chamber. 

[0013] The foregoing and other objects of the invention are real- 
ized, in a first aspect, by a method of reducing foreign 
material concentrations in an etch chamber having inner 
chamber walls, comprising the steps of: 

[0014] a ) etching a work piece in the etch chamber, the work 

piece having one or more elements that form a first layer 
of reaction products during said etch step that partially 
adhere to said inner chamber walls; and 

[0015] b) introducing a species into said etch chamber that in- 
creases the adhesion of said first layer of reaction prod- 
ucts to said inner chamber walls. 
Brief Description of Drawings 

[0016] The foregoing and other features of the invention will be- 
come more apparent upon review of the detailed descrip- 



tion of the invention as rendered below. In the description 
to follow, reference will be made to the several figures of 
the accompanying Drawing, in which: 

[0017] FIG. 1A is a cross sectional view of an etch chamber 

showing formation of a carbon-containing layer on ex- 
posed surfaces according to the present invention. 

[0018] FIG. IB is a cross sectional view of a work piece according 
to the present invention. 

[0019] FIG. 2A is a cross sectional view of an etch chamber ac- 
cording to the present invention. 

[0020] FIG. 2B is a cross sectional view of layers formed on ex- 
posed surfaces of the etch chamber according to the 
present invention. 

[0021] FIGS. 3A, B show an internal component of a sputter etch 

chamber according to a second embodiment of the 

present invention. 
Detailed Description 

[0022] Attention is now directed to FIG. 1A which illustrates a re- 
action chamber 10 where removal of thin films or cleaning 
by etching or sputtering a surface of work piece 2 can oc- 
cur. An Applied Materials "Endura" sputter etch chamber is 
an example of reaction chamber 10 that can be used in 
the present invention where chamber wall 12 is a quartz 



dome having an inner surface 14. Work piece 2 is placed 
on substrate holder 22 during processing. As shown in 
FIG. IB, work piece 2 comprises semiconductor substrate 

3 such as silicon, Silicon-On-lnsulator (SOI) or glass; layer 

4 comprising semiconductor devices, dielectrics and in- 
terconnects; layer 5 comprising a dielectric material such 
as silicon nitride; carbon-containing interconnect dielec- 
tric 6 such as "Si Unavailable from Dow Chemical Co., 
"Black Diamond"available from Applied Materials Inc., or 
"Coral" available from Novellus Corp.; and, layer 7 com- 
prising an insulating material such as silicon nitride or sil- 
icon carbide (SiC). FIG. IB shows work piece 2 including a 
metal trough or a via opening used in damascene wiring 
which exposes portions 8a and 8b of carbon-containing 
interconnect dielectric 6 to a sputter etch clean process. A 
sputter etch clean process used in the present invention 
comprises ionizing an inert gas such as argon (Ar), helium 
(He) or nitrogen (N2), or a noble gas such as neon (Ne), 
Krypton (Kr) or Xenon (Xe), to provide ions to directionally 
bombard work piece 2. A preferred inert gas is Ar and an 
Ar sputter etch clean provides a clean underlying metal or 
via surface prior to depositing the liner and seed layers 
used in damascene wiring. For example, using an Applied 



Materials Endura sputter etch chamber, an Ar sputter etch 
clean using processing conditions such as a chamber 
pressure of about 5 millitorr, RF plasma power of about 
300 watts, RF wafer bias power of about 100 watts, argon 
gas flow from about 20 seem to about 50 seem, and a 
time duration from about 5 to about 35 seconds is ap- 
plied to work piece 2. Since portions 8a and 8b are ex- 
posed to the Ar sputter etch clean, Ar ions impinge on 
portions 8a and 8b resulting in reaction products ejecting 
from SiLK layer 6 to form layer of carbon-containing reac- 
tion products 16 (hereinafter referred to as "layer 16") on 
internal components of chamber 10 such as inner surface 
14 and exposed portions of substrate holder 22 as shown 
in FIG. 1A. 

[0023] it has been discovered that when SiLK-containing sub- 
strates are processed in chamber 10, portions of layer 16 
do not adhere adequately to inner surface 14 and detach 
from inner surface 14 resulting in relatively large particu- 
lates of foreign material. It has been determined through 
Scanning Electron Microscopy (SEM) analysis of substrates 
on which foreign material particulates from portions of 
layer 16 have fallen onto, that the particulates of foreign 
material are from about 0.5 um to about 500 urn in size. 



The foreign material particulates caused by the detaching 
of portions of layer 16 from inner surface 14 are large 
enough to cause a degradation in product yield when the 
particulates fall on substrates being processed in sputter 
etch chamber 10. For a 0.13 urn technology, a foreign 
material particulate of about 0.5 urn in size is large 
enough to interfere with subsequent processing steps re- 
sulting in a defective semiconductor chip. Therefore, in 
order to minimize the amount of product yield loss due to 
foreign material particulates caused by detaching portions 
of layer 16, the number of SiLK-containing substrates that 
are processed in chamber 10 is limited to the period of 
time when layer 16 is substantially adhering to inner sur- 
face 14 such that the exposure of the SiLK-containing 
substrates to large particulates of foreign material that 
can impact product yield is minimized. A tool such as, for 
example, a Tencor 6200 Surface Scan can be used to 
measure the number of foreign material particulates hav- 
ing a size greater than 0.16 urn that are added to a bare 
silicon wafer that is exposed to chamber 10. When a limit 
of greater than about 40 foreign material particulates is 
exceeded, processing of SiLK-containing substrates is 
stopped. For example, it has been found that only about 



20 to about 500 SiLK-containing substrates, typically 
about 200 substrates, can be Ar sputter cleaned before 
the limit of 40 foreign material particulates is exceeded 
resulting in having to stop processing and performing a 
chamber cleaning. On the other hand, for substrates hav- 
ing a silicon oxide interconnect dielectric, about 2000 
substrates can be Ar sputter cleaned in chamber 10 prior 
to the limit of 40 foreign material particulates being ex- 
ceeded. Thus, the available production time of chamber 
10 is reduced by about a factor of 10 by the processing of 
SiLK-containing substrates compared to silicon oxide- 
containing substrates. 

[0024] | n order to reduce foreign material concentrations so that 
the available cycle time between cleaning and taking off- 
line of chamber 10 for SiLK-containing substrates is made 
equivalent to that of silicon oxide-containing substrates, 
it has been found that the occurrence of foreign material 
particulates can be significantly reduced during process- 
ing of SiLK-containing substrates by increasing the adhe- 
sion of layer 16 to exposed portions of chamber 10 such 
as inner surface 14. 

[0025] According to a first embodiment of the present invention 
as shown in FIG. 2A, substrate 18 having film 20 there- 



upon is introduced into chamber 10 on substrate holder 
22 after removal of work piece 2 from chamber 10. Sub- 
strate 18 can include a semiconductor substrate such as a 
silicon wafer, Silicon-on-Oxide (SOI) wafer, GaAs wafer or 
other substrates upon which a thin film can be formed. 
Film 20 comprises a material which can be etched in 
chamber 10 to provide species 21. Film 20 can be formed 
from a material such as silicon oxide or alumina. For ex- 
ample, a thickness in the range of about 50 nm to about 
1000 nm of silicon oxide can be deposited on silicon sub- 
strate 18 by a known method such as Chemical Vapor De- 
position (CVD) to form silicon oxide film 20. Accordingly, 
an Ar sputter etch process in accordance with the present 
invention comprises processing conditions such as, for 
example, a chamber pressure of about 5 millitorr, RF 
plasma power of about 300 watts, RF wafer bias power of 
about 100 watts, argon gas flow from about 20 seem to 
about 50 seem, and a time duration from about 5 to about 
35 seconds. The sputter etching of silicon oxide film 20 
results in the release of species 21 including reaction 
products such as Si, 02 or SiOx. Species 21 form on inner 
surface 14 to form coating layer 24 over layer 16. 
[0026] when it was first observed that portions of layer 16 were 



detaching from inner surface 14 and resulting in relatively 
large particulates of foreign material, a portion of cham- 
ber wall 12 was cross-sectioned and inner surface 14 was 
analyzed by SEM. It has been determined by this analysis 
of portions of chamber wall 12 that during processing of a 
run of about 20 to about 30, typically about 25, SiLK- 
containing substrates for a 0.13um generation technol- 
ogy, about 20 nm to about 30 nm of layer 16 is formed on 
inner surface 14. In order to increase adhesion of layer 16 
to inner surface 14, the process of forming coating layer 
24 is performed after each run of about 25 SiLK- 
containing substrates. After processing of about 25 SiLK- 
containing substrates, substrate 18 is placed in chamber 
10 and Ar sputter etched to remove from about 200 nm to 
about 400 nm, typically about 300 nm, of thickness from 
silicon oxide film 20 to provide about 50 nm or more of 
coating layer 24 on top of layer 16. Substrate 18 is then 
removed from sputter etch chamber 10 and processing of 
another run of about 25 SiLK-containing substrates oc- 
curs. Each subsequent run of about 20 to about 30 SiLK- 
containing substrates and corresponding coating process 
produces an alternating layer of carbon-containing reac- 
tion products 16' and coating layer 24' as shown in FIG. 



2B. Each coating layer 24' covers a respective underlying 
layer 16' to prevent portions of the underlying layer 16' 
from detaching and creating foreign material particulates. 

[0027] By performing the coating process described above, sput- 
ter etch chambers that process work pieces having a SiLK 
interconnect dielectric can achieve significant reductions 
in foreign material concentrations such that about 2000 
SiLK-containing substrates can be processed in chamber 
10 prior to foreign material becoming a factor to stop 
processing, thereby achieving an available production 
time equivalent to that of silicon oxide-containing work 
pieces. It has been determined that since silicon oxide 
coating layer 24 and quartz chamber wall 12 are of a sim- 
ilar material, there is a strong bond between coating layer 
24 and inner surface 14. Layer 16 may be porous or dis- 
continuous which allows coating layer 24 to form areas of 
strong adhesion to an exposed underlying inner surface 
14 or coating layer 24'. Thus, coating layers 24, 24' effec- 
tively increase the adhesion of layers 16, 16' to inner sur- 
face 14, thereby significantly reducing premature foreign 
material generation. 

[0028] | n a second embodiment of the present invention, an in- 
ternal component of sputter etch chamber 10 can be used 



to provide species 21 which forms coating layer 24. As 
shown in FIGS. 3A and 3B, ring 26 is provided surrounding 
work piece 28 and extending beyond an edge of substrate 
holder 22. For work piece 28 having an outer diameter of 
about 20 cm (i.e. an eight inch semiconductor wafer), ring 
26 can have an inner diameter of about 20.3 cm, an outer 
diameter of about 23 to about 28 cm and a thickness of 
about 0.625 to about 1.25 cm. Ring 26 can be fabricated 
from a material, such as quartz or aluminum-oxide, to 
provide Si, O, SiOx species during a sputter etch process. 
The use of ring 26 during the processing of a SiLK- 
containing work piece 28 allows for species 21 to be pro- 
vided to form coating layer 24 simultaneously during pro- 
cessing of SiLK-containing work piece 28. Since carbon- 
containing reaction product from the processing of SiLK- 
containing work piece 28 and species 21 form simultane- 
ously on inner surface 14, layer of carbon-containing re- 
action products 16 and coating layer 24 form a mixed 
layer having a strong adhesion to inner surface 14. Ring 
26 eliminates the requirement for inserting a substrate 
having a silicon oxide film at a fixed periodicity as de- 
scribed in the first embodiment. However, ring 26 can 
also be used in conjunction with substrate 18 having sili- 



con oxide film 20 as described in the first embodiment in 
order to provide an additional source of species 21 to 
form coating layer 24. 
[0029] while the invention has been described above with refer- 
ence to the preferred embodiments thereof, it is to be un- 
derstood that the spirit and scope of the invention is not 
limited thereby. Rather, various modifications may be 
made to the invention as described above without depart- 
ing from the overall scope of the invention as described 
above and as set forth in the several claims appended 
hereto. 



